Abstract-Kinetic regularities of the oxidative autoclave dissolution of iron, copper, and nickel sulfides when leaching the ore of the Shanuch deposit are investigated in controllable experimental conditions. It is shown that the dissolution rate of sulfides is limited by the oxygen absorption.
The kinetics of the oxidative autoclave dissolution of iron sulfides when leaching the ore of the Shanuch deposit was previously described mathematically based on the data on the average process rate [1] , and the assumption was formulated that the total process rate is limited by the oxygen absorption.
This study is aimed at verifying this assumption for nickel and copper sulfides with the evaluation of the process rate every 10 min (Δτ) of the experiment.
We preliminarily calculated the current absorption rate of oxygen during the dissolution of iron sulfides according to the equation (1) where v Fe is the absorption rate, mol Fe /min; 0.635 is the stoichiometric coefficient, which takes into account the consumption of O 2 by the corresponding reactions; 23 and 9 are the total number of moles of oxygen and sulfide iron according to the reaction stoichiometry; C Me is the metal concentration in the solution, g/dm 3 ; is the diffusivity of oxygen in the pulp; τ c is the con tact time, s; F p is the parabola area, m 2 ; and C aq is the amount of oxygen dissolved in water, g/dm 3 .
The experimental and calculated rates of autoclave leaching of iron sulfides found under these conditions are presented in the table. It follows from the tabulated data that the difference between the calculated and experimental data varies from 3.8 to 20.6% for 70 min of leaching, when the highest process rate is observed.
We accept that the limiting stage of oxygen absorp tion is valid in the course of the experiment. To evalu ate the absorption obstacles during the dissolution of sulfides of copper (chalcopyrite) and nickel (pentlan dite), we processed the kinetic data by the method of current rates with ΔT = 10 min.
We start from the fact that sulfides are dissolved according to the stoichiometry of the following reac tions:
CuFeS 2 + 4O 2 = CuSO 4 + FeSO 4 ,
The experimental conditions are as follows: the temperature is 413-453 K, the oxygen pressure is 0.4 MPa, pH of the solution is 1, and the process dura tion is 2 h. Absorption equations for nickel and copper sulfides, similarly to (1), have the form The adequacy of models (1), (4), and (5) to the experimental data is confirmed with the help of F sta tistics with a confidence probability of 95%.
The experimental and calculated temporal depen dences of the dissolution rate of nickel and copper sul fides are shown in the figure. Our data indicate that satisfactory coincidence occurs by the order of magni tudes of v. The difference between the calculated and experimental data was 4.5-42.2% for the dissolution of nickel sulfide and 3.5-21.0% for copper sulfide at leaching time of 70 min. The largest divergence in the initial instant of the process is apparently explained by the noticeable occurrence of reactions at Δτ < 10 min.
Additionally, using methodology [1] , we analyzed the possible limiting phases of the following process stages:
(i) the oxygen absorption with the pulp; (ii) the mass transfer of the dissolved gas to the sur face of solid particles (external diffusion) along with the solvent into the zone of the chemical reaction;
(iii) the chemical interaction on the surface of solid particles;
(iv) the removal of the reaction products into the solution bulk.
We found the following calculated rates for iron, nickel, and copper sulfides, mol/min: (1.2-1.4) × 10 -7 for the second stage, (1.1-1.7) × 10 -3 for the third stage, and approximately 10 -6 for the fourth stage. Thus, the calculated rates of stages 2-4 strongly differ from the experimental data of the table and the figure, which is additional confirmation of the possible dissolution of iron, nickel, and copper sulfides in the oxygen absorption mode. (1) Experimental and (2) calculated dissolution rates of sulfides of (a) copper and (b) nickel depending on the experiment duration.
